Background/Aims: The present study aimed to evaluate the safety and efficacy of simeprevir-based triple therapy with reduced doses of pegylated interferon (PEG-IFN) and ribavirin for interferon (IFN) ineligible patients, such as elderly and/or cirrhotic patients, and to elucidate the factors contributing to a sustained virologic response (SVR). Methods: One hundred IFN ineligible patients infected with genotype 1b hepatitis C virus (HCV) were treated. Simeprevir (100 mg) was given orally together with reduced doses of PEG-IFN-α 2a (90 μg), and ribavirin (200 mg less than the recommended dose). Results: The patients' median age was 70 years, and 70 patients were cirrhotic. Three patients (3%) discontinued treatment due to adverse events. The SVR rate was 64%. Factors that significantly contributed to the SVR included the γ-glutamyl transferase and α-fetoprotein levels, interleukin-28B (IL28B) polymorphism status, and the level and reduction of HCV RNA at weeks 2 and 4. The multivariate analysis showed that the IL28B polymorphism status was the only independent factor that predicted the SVR, with a positive predictive value of 77%. Conclusions: Simeprevir-based triple therapy with reduced doses of PEG-IFN and ribavirin was safe and effective for IFN ineligible patients infected with genotype 1b HCV. IL28B polymorphism status was a useful predictor of the SVR. (Gut Liver 2017;11:551-558) 
INTRODUCTION
The goal of antiviral therapy for hepatitis C virus (HCV) patients is to prevent liver-related death. Therefore, elderly and/ or cirrhotic patients infected with HCV, who are at high risk of developing cirrhosis and/or hepatocellular carcinoma, 1 have to be treated as soon as possible. 2 The safety of treatment with recommended doses of pegylated interferon (PEG-IFN) and ribavirin for elderly and/or cirrhotic patients was problematic because of adverse effects. 3, 4 In 2011, reduced doses of PEG-IFN and ribavirin for cirrhotic patients were approved for clinical use under national medical insurance in Japan. 2 Although the reduced dose regimens of PEG-IFN and ribavirin for cirrhotic patients infected with genotype-1 HCV were tolerable, the sustained viral response (SVR) rates were relatively lower (11.3% to 37%) compared with those of noncirrhotic patients. [5] [6] [7] [8] [9] In November 2011, the first-generation nonstructural 3/4A protease inhibitor, telaprevir, based triple therapy was approved in Japan. Although this treatment significantly improved SVR rates up to around 70%, severe adverse reactions such as serious skin disorders, exacerbation of anemia, and renal dysfunction occurred frequently. 10 Notably, in our previous study, even reduced dose of telaprevir-based triple therapy had limited safety and efficacy for elderly and/or cirrhotic patients. 11 In November 2013, a new triple therapy using the second-generation nonstructural 3/4A protease inhibitor, simeprevir, became available for clinical use in Japan. In phase III trials of this therapy, serious adverse effects did not occur more frequently in the simeprevir group than in the group who did not receive simeprevir, and the addition of simeprevir to PEG-IFN and ribavirin significantly improved the SVR rate (74.7% to 88.6%), and shortened the duration of treatment. [12] [13] [14] However, in these trials, most patients were younger (the patient's median age was around 50 years), the proportion of cirrhotic patients was low, and cirrhotic patients were excluded in the Japanese phase III trial. 15 The present study aimed to evaluate the safety and efficacy of simeprevir-based triple therapy with reduced doses of PEG-IFN and ribavirin for IFN ineligible patients such as elderly and/or cirrhotic patients infected with genotype 1b HCV, as well as to elucidate the factors contributing to SVR.
MATERIALS AND METHODS

Patients
This was a prospective cohort study of simeprevir-based triple therapy with reduced doses of PEG-IFN-α-2a plus ribavirin for IFN ineligible patients infected with genotype 1b HCV (University hospital medical information network trial ID: 000022491). A total of 100 IFN ineligible patients were enrolled from January 2014 to October 2014 in Wakayama Medical University Hospital and Naga Municipal Hospital. "Elderly" was defined as more than 65 years of age. Liver cirrhosis was diagnosed clinically by liver biopsy or imaging studies using the morphologic signs of cirrhosis from portal hypertension, such as portosystemic shunt or hypersplenism. IFN ineligible patients were defined as patients with any of the following: (1) age ≥65 years; (2) white blood cell count <2,000/mm 3 ; (3) platelet count <130,000/mm 3 ; (4) Hb level <13 g/dL; (5) a comorbid disorder such as psychiatric disease, heart disease, cerebrovascular disease, thyroid disease, autoimmune disease, or uncontrolled diabetes; or (6) low body weight (<40 kg). Exclusion criteria were (1) pregnant women, women who may have been pregnant, lactating women, men whose partners were pregnant, or men whose partners hoped to become pregnant; (2) patients who used shosaikoto (a traditional Chinese medicine); (3) intractable heart disease; (4) renal failure with creatinine clearance <50 mL/min; (5) patients with uncontrollable psychoneurotic disorders; (6) hemoglobin (Hb) levels <10 g/dL; (7) platelet count <50,000/mm 3 ; (8) white blood cell count <1,500/mm 3 (or granulocyte count <1,000/ mm 3 ); and (9) hepatic failure or cancer; (10) infection with human immunodeficiency virus and/or hepatitis B virus; (11) organ transplantation; and (12) pretreatment failure of telaprevir based triple therapy. All study protocols were approved by the ethics committees of the participating hospitals. Written informed consent was obtained from all patients included in the study.
Treatment regimens
Simeprevir (Sovriad ® ; Janssen Pharmaceutical K.K., Tokyo, Japan), PEG-IFN-α-2a (Pegasys ® ; Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) and ribavirin (Copegus ® ; Chugai Pharmaceutical Co., Ltd.) were used. PEG-IFN-α-2a at 90 μg was administered subcutaneously once per week for 24 weeks; ribavirin was given orally for 24 weeks (800 mg/day for patients weighing more than 80 kg, 600 mg/day for patients weighing between 80 and 60 kg, and 400 mg/day for patients weighing less than 60 kg); Simeprevir was given orally at a dose of 100 mg (the recommended dose in Japan) once per day for 12 weeks from the start of therapy. PEG-IFN-α-2a was discontinued if the granulocyte count fell below 500/mm 3 or the platelet count fell below 30,000/mm 3 , and ribavirin 200 mg was reduced if the Hb fell below 10 g/dL, and if the Hb fell below 8.5 g/dL, the ribavirin was discontinued. If there was no improvement of cytopenia within 4 weeks, therapy was discontinued. Granulocyte colony-stimulating factor (G-CSF) could be used as supplementary treatment for granulocytopenia of less than 500/mm 3 .
Laboratory tests
For all patients, laboratory tests were performed before therapy began. The amount of HCV RNA was measured using quantitative reverse transcription polymerase chain reaction (RT-PCR, COBAS TaqMan PCR assay; Roche Diagnostics, Branchburg, NJ, USA). Determination of HCV genotype was performed as reported by Simmonds et al. 16 The amount of HCV-RNA (AccuGene ® m-HCV; Abbott Japan, Tokyo, Japan) and HCV core antigen levels (Architect ® HCV; Abbott Japan) were measured simultaneously at three stages: the day of therapy initiation, and at weeks 1 and 2. Serum levels of hyaluronic acid and type IV collagen 7S were measured for assessment of liver fibrosis on the day of therapy initiation. Mutations in the IFN sensitivity-determining region (ISDR) 17 and amino acid substitutions in HCV core region 70 and 91 18 were also measured on the day of therapy initiation.
ISDR was defined as wild type if no mutations were identified, and all others were defined as mutant type. At core 70, arginine was defined as the wild type, and glutamine or histidine as mutant types. At core 91, leucine was defined as the wild type, and methionine as the mutant type. During therapy, the levels of HCV RNA (COBAS TaqMan PCR assay; Roche Diagnostics) were checked, and biochemical analyses including blood counts, serum alanine aminotransferase, and aspartate aminotransferase, γ-glutamyl transferase (γ-GT) and α-fetoprotein (AFP) levels were performed every 4 weeks up to 24 weeks after the end of therapy. After treatment, the SNP of IL28B (rs8099917) that was reported as a pretreatment predictor for the efficacy of PEG-IFN plus ribavirin therapy in Japanese patients 19 was additionally evaluated, after obtaining written informed consent for genome analysis from each patient. Homozygosity for the major allele (T/ T) was defined as the IL28B major type, and heterozygosity (T/G) or homozygosity for the minor allele (G/G) was defined as the IL28B minor type.
Assessment of effectiveness
During IFN therapy, rapid virologic response (RVR) was defined as an undetectable virus by quantitative RT-PCR (COBAS TaqMan PCR assay; Roche Diagnostics) at week 4 after therapy initiation. SVR was defined as follows: HCV RNA measured using the TaqMan PCR assay was negative at the end of therapy and remained negative for 24 weeks after the end of therapy. No response was defined as detectable HCV RNA at week 24 from treatment initiation or at the end of treatment. Relapse was defined as negative at the end of therapy but positive 24 weeks after the end of therapy.
Assessment of safety and tolerability
Patients were assessed for safety and tolerability during treatment by their attending physicians, who monitored adverse events and laboratory parameters, such as blood cell counts, every week up to week 8, and monthly thereafter. The incidence of and reasons for therapy discontinuation due to adverse effects were analyzed. Adherence to simeprevir, PEG-IFN-α-2a and ribavirin were also assessed separately.
Statistical analysis
Therapeutic effectiveness was evaluated using an intentionto-treat (ITT) analysis. Predictive factors for SVR were analyzed using an ITT analysis that included patients who had discontinued therapy due to adverse events. The Mann-Whitney U test was used to analyze continuous variables. Fisher exact test or the chi-square test was used to analyze categorical variables. Multivariate analysis was performed using a logistic regression model with the stepwise method. The criterion for selecting factors for multivariate analysis was p<0.05. Optimal cutoff value for continuous variables of contributing factors to SVR was decided by the Youden Index method on the basis of the receiver operating characteristics curve. The SVR-predictability of significant SVR-contributing factors was evaluated by measuring the area under the curve (AUC). The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy for SVR were calculated. Values of p<0.05 were considered statistically significant. SPSS statistical software version 21J for Windows (SPSS Inc., Tokyo, Japan) was used for data analyses.
RESULTS
Patients' baseline characteristics
Patients' baseline characteristics are summarized in Table 1 . There were 72 elderly patients (72%), 70 cirrhotic patients (70%), 20 nonelderly and cirrhotic patients (20%), 22 elderly and noncirrhotic patients (22%), and 50 elderly and cirrhotic patients (50%) in the present study.
Safety and tolerability
Three patients (3%) discontinued the therapy due to adverse events. Reasons for discontinuation were severe fatigue in one patient, facial palsy in one patient, and hepatic failure with ascites in one patient. The mean % adherences (mean±standard deviation) to PEG-IFN-α-2a, ribavirin and, simeprevir among the 100 enrolled patients were 99.6%±12.4%, 94.5%±14.2%, and 98.8%±6.5%, respectively. Interruption of any drug was required in 14 patients (14%) because of adverse effects including eight with severe anemia, two with neutropenia, one with hyperbilirubinemia, one with hyperthyroidism, one with acute pyelonephritis and one with pharyngitis. Regular administration of G-CSF was required in two patients. Dose reduction or interruption of ribavirin was required in 29 patients (29%).
Treatment response
The HCV-RNA level re-elevated at week 2 in one patient, and at week 4 in three patients. Two patients re-elevated at 4 weeks after the completion of simeprevir. RVR was achieved 
Contributing factors for SVR and prediction of SVR
Comparison of pretreatment factors between the SVR and non-SVR group is summarized in Table 2 . Significant differences are noted for IL28B polymorphism, γ-GT level, and AFP level. However, no significant differences were seen for age, sex, body weight, baseline HCV-RNA level, cirrhosis, response to prior PEG-IFN and ribavirin therapy, ISDR, core amino acid substitution, and fibrosis markers. Comparison of on-treatment factors between the SVR and non-SVR groups is summarized in Table 3 . Significant differences were noted for the HCV-RNA levels and reductions at week 2 and 4, and RVR. However, no significant differences were seen for the response of HCV core Ag within 2 weeks, and drug adherences. Results of the multivariate analysis of significant factors contributing to SVR are shown in Table 4 . IL28B polymorphism was the only independent factor. The AUCs according to significant SVR-factors are summarized in Table 5 . For all significant factors, the highest AUC value was the reduction of HCV-RNA at week 4. The sensitivity, specificity, PPV, NPV, and accuracy for predicting SVR using IL28B major and reduction of HCV-RNA at week 4 (cut off value, >5.75 log IU/mL) are shown in Table 6 . Both the SVR-predictabilities were equivalent.
DISCUSSION
This is the first report of simeprevir based triple therapy with reduced doses PEG-IFN-α-2a plus ribavirin for IFN ineligible CI, confidence interval; IL, interleukin; AFP, α-fetoprotein; γ-GT, γ-glutamyl transferase; HCV, hepatitis C virus; RVR, rapid virologic response. patients mainly including elderly and/or cirrhotic patients. Regarding safety, the treatment discontinuation rate in the present study was lower (3%) compared with that (14.5%) in systemic review of interferon therapy for cirrhotic patients. 4 In the Japanese Phase III trial of simeprevir-based triple therapy, the discontinuation rate in the simeprevir group was 4.9%. 15 Therefore, it is conceivable that simeprevir-based triple therapy with reduced doses of PEG-IFN and ribavirin was well tolerable even for IFN ineligible patients such as elderly and/or cirrhotic patients. In the present study, however, 14% interruption of any drugs, 29% dose reduction or interruption of ribavirin was required. It has been reported that elderly or diabetic patients have a high risk of developing severe infection during interferon therapy. 20 Therefore, for elderly and/or cirrhotic patients, with particular attention to occurrence of serious adverse effects such as severe infection or hepatic failure, careful observation and adequate management of adverse effects would be needed even in reduced dose regimen. The SVR rate in the present study was 64%, and this was relatively low compared with those (85% and 87%) of postmarketing studies of simeprevir based triple therapy in Japan. 21, 22 However, most patients in these studies were not cirrhotic. Advanced liver fibrosis is an unfavorable factor contributing to SVR in IFN based therapy. In fact, the SVR rates of simeprevir group in the phase III QUEST-1 trial also became lower along with advancing liver fibrosis (METAVIR score F0-2, 83%; F3, 78%; F4, 58%). 13 On the other hand, Tahata et al. 22 reported that although PEG-IFN-α-2a dose was not a significant factor associated with SVR, ribavirin dose affected with SVR in patients. Therefore, the reason for the lower SVR rate in this study might be attributed to patients' characteristics such as advanced fibrosis and reduced ribavirin dose. However, the SVR rate is still roughly twice as high as those of reduced dose PEG-IFN and ribavirin regimen for cirrhotic patients infected with genotype-1 HCV in previous reports. [5] [6] [7] [8] [9] Therefore, it is conceivable that even reduced dose regimen could increase the SVR rate. However, there was no control group in our study. Therefore, a randomized controlled trial is desirable to validate our results. Some reports indicated that prior treatment response to PEG-IFN and ribavirin based therapy significantly impacted on SVR of simeprevir based triple therapy. [23] [24] [25] The SVR rate of prior nonresponders was significantly lower than that of relapsers (43.3% vs 95.9%) in the Japanese trial of simeprevir based triple therapy for treatment-experienced HCV genotype 1-infeted patients (CONCERTO-2 and CONCERTO-3). 23 Reddy et al. 24 also reported that the SVR rate of prior non-responders was low (54%). In addition, it is reported that the SVR rate of simeprevir based therapy for patients with prior telaprevir failure was 50%. 25 In the present study, although SVR rates of treatment naïve and prior relapser were almost equivalent (67% vs 72%), that of prior nonresponders was lower (48%). Therefore, patients with prior nonresponse to PEG-IFN and ribavirin or prior telaprevir failure would not be good candidates for simeprevir based triple therapy. When the pretreatment factors between SVR and non-SVR groups in the present study were compared, significant differences were noted in IL28B polymorphism and levels of γ-GT and AFP. Among these significant factors, IL28B polymorphism was the only independent factor. These findings were consistent with those of postmarketing studies in Japan. 26, 27 We also investigated whether super rapid viral response within 2 weeks contributed to SVR. Comparing on-treatment factors between SVR and non-SVR groups, significant differences were noted in the HCV-RNA responses at week 2 and 4 after the start of therapy. However, there was no significant difference in HCV core antigen response. Our previous reports of low dose PEG-IFN and ribavirin therapy for IFN ineligible patients demonstrated that both viral responses of HCV-RNA and HCV core antigen within 2 weeks were useful predictors of SVR. 8, 9 HCV core antigen is better than HCV-RNA level in terms of low cost, convenience, and rapid results. 28 However, the response of HCV core antigen was not a useful predictor of SVR in this study. The same finding was shown in our report of telaprevir based triple therapy.
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This may be attributed to nonstructural 3/4A protease inhibitors strongly inhibiting HCV-RNA replication. In the present study, on-treatment factors were not independent on multivariate analysis. When the predictability for SVR was compared between IL28B polymorphism and viral response at week 4, the accuracies were also equivalent. Therefore, it could be considered that IL28B polymorphism would be a more useful predictor in deciding the treatment strategy than HCV-RNA response at week 4.
In conclusion, simeprevir-based triple therapy with reduced doses of PEG-IFN and ribavirin was a safe and effective treatment for IFN ineligible patients infected with genotype 1b HCV, and IL28B polymorphism would be a useful predictor of SVR. Currently, IFN and ribavirin free treatments using combination of direct acting antiviral agents are the first line treatments for IFN ineligible patients infected with genotype-1b HCV. In the future, the use of simeprevir-based triple therapy with low-dose PEG-IFN plus ribavirin regimen could be considered a safe and cost-effective treatment option for elderly and/or cirrhotic patients with prior sofosbuvir and ledipasvir failure.
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